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Abstract 



PROBLEM TO BE SOLVED: To improve heat stability of the bits which are written, to reduce medium 
noise, and, therethrough, to enable highly reliable recording of high density by providing at least an 
exchange layer structure and a magnetic layer disposed thereon and composing the exchange layer 
structure of a ferromagnetic layer and a non-magnetic, binding layer which is disposed upon the 
ferromagnetic layer and under the magnetic layer. 
SOLUTION: The ferromagnetic layer 7 and the non-magnetic binding layer 8 constitute the exchange layer 
structure. Thereupon, the magnetic layer 9 is laminated. In addition, a non-magnetic substrate 1 , a first 
seed layer 2, an NiP layer 3, a second seed .layer 4, a substrate layer 5, a non-magnetic intermediate layer 
6, a protective layer 10 and a lubricating layer 1 1 are laminated in the order of sign. The ferromagnetic 
layer 7 is composed of Co, Ni, Fe, Co-alloy, Ni-alloy and Fe-alloy, etc., the non-magnetic layer 8 is 
composed of Ru, Rh, Ir, Ru-alloy, Rh-alloy and Ir-alloy, etc., and the magnetic layer 9 is composed of Co 
or Co-alloy, etc., which includes CoCrTa, CoCrPt, CoCrPt-M. 
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Abstract: PROBLEM TO BE SOLVED: To improve heat stability of the bits which are written, to reduce medium noise, 
and, therethrough, to enable highly reliable recording of high density by providing at least an exchange layer structure and a 
magnetic layer disposed thereon and composing the exchange layer structure of a ferromagnetic layer and a non-magnetic 
binding layer which is disposed upon the ferromagnetic layer and under the magnetic layer. 

SOLUTION: The ferromagnetic layer 7 and the non-magnetic binding layer 8 constitute the exchange layer structure. 
Thereupon, the magnetic layer 9 is laminated. In addition, a non-magnetic substrate 1 , a first seed layer 2, an NiP layer 3, a 
second seed layer 4, a substrate layer 5, a non-magnetic intermediate layer 6, a protective layer 10 and a lubricating layer 
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etc., the non- magnetic layer 8 is composed of Ru, Rh, Ir, Ru-alloy, Rh-alloy and lr- alloy, etc., and the magnetic layer 9 is 
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[0042] m7ao'H8U7Fi-4^n, a^ren^a 

15 t4;*;B&>W v^^l 3^*b>5:4o >^V>7\ 3rtU 
14, 1 4, t^f\ 5, 6, 

i$.$komm±^ ^ ki 7, a&w-y-x^ > -> 3 > 1 

8, *glfcc97-A 1 gjyr^fax-^-,; h 2 0 

^sifbtLTv^o a^re^«*i 6»4, i 4t_ 

20 4 *) ®$z2tiZ>^7 1 5 lcH*)#lte>*tr^-5 0 ffiftS 
Kl 7 14, MRA'/ K^GMR^? K3£co|?&^ 

4o «-E»ff^f Kl 7 14, 1 9«7)5fe 

jglc-9-^^>->3 > 1 8 Sr^LT3ll5#ttc>ttrv»-S 0 
25 7-A 1 9 Ii7?fj.x-^ii7 I-2 0CJ: OiEHl? 

iwa^reit^^<o»*«fi£s^i4^&r**>), 

[0043] a^res2£*<o**ifeW4, a^e«fft# 
i 6c»ti f *a. *««rea«c*i 6 14. miRvm 
30 2 1 &ui&f5 L^, ±rea*:reis«*<o^ 1 ieist«jxi4 
*2Hifi0!i«>fl*j6**rr*. ^ois, a^reis^ff 1 6<o 

»(4 3ttUR3&S*ir, ltfc-Ct, 2tScXI4 4ttW±r- 

[0044] a^rennfi<o**»fi£{4, h 7 sona g 

[0 0 4 5] ^IC, *|&^c0H&^#g!c*, 

TOUi^-C-(4, 2S^flli£<7)^att*5:y f ai4®«4, ^ 

[0 0 4 6] IH 9 14, ^7X±(7)N i A 1 Jf cD-ttCC o 
C r P t B*»<b«:*JS**lJi3BlS*ixfc«*ES«E#© 
Mr fc iait*Ht^i-|2lT-ib4 0 lajH*, ^*St4a^kM 

( e mu/c c) , *^(4a^H (O e) S-^-fo I^H 
45 U/TtM-HiiSt^iff)M-HffijSli, N i P* f ^* 
ZtltzA 1 *«sSv>{4*'7^*«±<7)C rT»S©±i: 

[ 0 0 4 7 ] mft, ffl 1 0 14, N i P S ft*: A 1 

-Mgifi±C« lg!?ri f 0. 8 nm«75R u^T^ai^ft 
50 fcCoCrPt BfrbbZ 2-o<n&.$mmtf*'<v 9 >) 
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&z> a mm*, m.mtmtu (emu/c c) , mm± 
m%-H (Oe) tTjk-to mmfrhi>t>frz> ± ?u, mit 

MI4a^H#H= 5 0 0 O e<?>&mr-g. : &lzm'J;L. ft 
1 0 0 0 O e <7>£&i£-£S£fi l ?>#££^L-rv>-£, 0 H = 

-So 

[0 0 4 8] "k&%cnti*bn R u <7>g@IIIJ¥l4, fiBStft 
?M4t)f, X^>^?>Kffi (sp in stan 
d me t hod) i:ioT4^?ti5o ftfSW 

Mr *44»OttSgt*&S«*-*-o 
■C, Mr<Jf4CoCrPt BJS, BP*>, JB&flMftj&Ott 

WCoCrPt B/IOJ!Jp£—;et-'f£ R ul« 

ic^T-iTtio R uJf OSigM)¥l4, attJlfitigO 
»iSti*i*t41tt^*IIS»;*#t5. 1 

5 0t:JiL±^7aST-fiS;^^n^C o C r P tjfc£-£<7)^ 
"g\ R uBWJ&SWftO. 4 - 1 . 0 nmW«t*S 

[0 0 4 9] 0 1 ll±« N i PWSfttA 1"2S«± 

-ril-Cij^o [BJS*K J88U4a-ftM (emu/c c) , 

*ttlifig#H (Oe) £?jvfo 15)1111, **Ki£ 

IS 1 <OC o C r P t Bm^miWrfS nmX'b •) , Ru| 

o C r P t B^co^)1^2 0 n m-C-afb^^-g-Sr^-fo 
[0 0 5 0] *v«a*"CJ4S¥lT«#i f lll 

^iR^ITft'&ttW'btLr, X. glMH2«CoC 
r P t B»05«ffc***K*KW»=Wli:*|fi|.-C*4?tJ6* 

r P t Bm<Dl%mt)U c S:J*5l?**4 Ztl 
1-USlOCoC rP t BiWif^^XIJffiaAH 
c OJWfcffo 4 9 4iflffi«)ttffl* t 'JZ'RT*4o C o C 
r P t*0»«-0»#, fft#l*a*C rt*lStF/X 
up t i-e3C31*rfl&-e**. 

[0 0 5 1] Ell 214. N i Pji*Sfe#3*lfcA i *«± 
tc, ffilSSCo C r P t BJStFR uS-C^StSix^ 3 o 
WCoCrPt BawattWA'KttCjnfcaaiESJIMjco 
ffirta<fclBl*l«:*1-H-C*4o P]H+> «*l±«ikM 

(emu/c c) , ««I45S#H (Oe) Srjjrfo FIB 
14, ftSKiS^OSI-l a^*i2(OCo C r P t B>f <£> 
IBSJfjJ*** 6 nm^l, -S^tOlfS 3 <OC oC r P t 
BJiOg!ff*»2 0 nmfftO, ^lW^2«CoCr 
P t BH <75P B 1<75R u|jy f g25tJ f i3WC o C r P t 
BiWfl^R uS<OBSJ?;4 f £>» 0. 8 n nTC A 
tf-To aftMI4fi8#H3J { H= 5 0 OOJSar 

ITL> ifS 1 -®3<7)C o C r P t B«OV>r*li»0« 



14, K<p<7)g2<DC o C r P t B/fT-<fc& oSm&fitft 
wtt!4, K4»?)»2<7)C oCrPtBI^ 2 o<o 

05 <SKtai:ftffll4, «7>^2WC o C r P t BSW 
ffcaifl Hci») 5 0 0Oe i§5^o t - ffi^ftaiF- 

Ti4, -#tcoh l^coCrPt b© *> { aft5jg£iia 

I-J- 1 0 0 OOetli, -#±«0»3OC o C t 
P t BJl<75aft<73*7m$E£ft-Cv>&v> 0 L < 14. 
10 -ffiO^l <T><Z o C t P t BmomtRmit. t'yh 

tU±Mz.l£-&T<Dm KOCoCrPt BSOBDISO' 

• /xi4a^s-a«uss?i- &ztx-$mx-&z 0 z<nx 

20 «»C»a<tomarift«E#«-?-*tSt** (SNR) Si 
s o/Nrali, «^?*t-£. t^S.S^-So fi£oT, ffijt 
WSNRS i so/NmiM^MCfe4l:7 h 
x.?-U-h (BER:t'7Fil)$) 14. ftT"*-*£ 
fcl4&v> 0 

25 [0 0 5 2] dl 3 14, N i A 1 S ft # 7 * * 

*LtU, Ru|fM?W:CoCrPtB*?.i52 

(emu/c c) , «i6(4iS#H (Oe) Z<0 
30 *IR»;:ifiV'2f*>C o C r P t BJBO«ffc«\ a# 

H^H= 0 O e t;«r*lKrKS«E-f «□ 
[0053] Hi 4 14, N i A I ZK-tzif ? 

4S±U, ±|fiilB]#CO^j£T-C o C r P t B^C>^^* 

35 HI 3lZ^-r2o^ft^$tT.^3iai4® ; £-#-rs 

a^ias^os Affif cafli t it® l -c^-riaT* ^ . 
auf, mmitmitM (e mu/c c) v «tai4a# 

H (Oe) £^i-o B 1 3 tc^1-®rtafbft^l4H^T- 
40 tt*H4Sfeirc-75i-. HI 4T-I4, a^IE»UBB^i-4M 

- h ffl * ^-r ^ «b i- , mmmimiEm.it 

[0054] ^7 K7i j 2oco5ia^@^w-t^a^.ie§s 
«tfltfl5-fflstfi«&-**t, 2o(7)^.att@<7)afki4* 

?^i4*-<755* ait® z m%%&mm#<r)®& t mm 

IZ^r-So 'J — K^v KI4S**6<Jiafk«--t>Xi--S^tt 
T-**o let, S*#T-AtLl4, a^:i5ia^A { «&iii 
50 W«*E»«t#i:PI«*!|*tt«:*i-*4:*»C, Mt-|6]± 
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[0 0 5 51 HI 514, 2ocD3i&tt/i&U f 3o<7>SijiSg 

% ifitt^ * -5 U is tt & ft t Jt « 

Lt$tit$i*o R0>K fi£tt!4 2 0 7 k f c i kf v 
htO»4OT©fl*»* (dB) , «ttl4B#K (s) 
&f;1-o raUHc-fc^-c, 0^ni±^l¥* f 1 0 nm©»-<0 

c o c r p t BW**i-4a«Eia«#«>7'- •en 

l±Rlf**l 0 nmiOTWf 1 WCoCrPtBit, 
HH^O. 8 n mORuli, JJUfrtU nmfliWS 
2 <DC o C r P t Bm.frc>%Zl&%Mi»!&fc<?>-r-9. 
nmtm&tf 1 0 n mOTfflOffl KOCoCrP t BH 
fc, m&tfO. 8 nmWilWRuit. KJ5**4 n m 
OU4>Otg2 0C oCrPtBii, mWtfO. 8 n m 
<Og2fflR uJgt, Ijgjp7$ f 4 nmO±fflO|g3 0C p C 
r P t BJB*&4 4«jKe»*H*O?'-***4rjj;i- 0 

v»raueLfc««*Hci±**|B|«-c*i)*?;2 7 o oo 

eT-iJ. El 1 5^£>&*>^4 J: 0 2 o?)$|sfigt±Jf 

Jfctt-f**:, *>»Ii!!lM^l0t5(:ontJ: O&i* 

[ 0 0 5 6 ] 0 1 6 14, 2 ooflift* S *LfcSS«tt« * 
*-*-*«4ClE»«t#«5M-Hdfil!l*, »«r*fflKt-ov» 
t/Ttif<bi 0 IBJ04 1 , SEtt(4ES-fbM (emu/c 
c) . «ttl4j»^H (Oe) £^L, 7'-?l±3oi?)f 
fc-SiSSOT:, 2 5"Cat^7 5"CUoi/>-C^-f 0 ^v^ft 

[0 0 5 7] hi 7 14, mi 6 iz^i-#^^^i-«,fi8^; 
c»«*o«a*«>agE<KffttS:*i-ia-c**. 01 7 

<P, ttttii«SAHc (Oe) , {JtMli*£3*U:ilK 
CC) SrTjrto X, y=-l 5. 47x + 4019. 7& 
•5>*&Ui3</>T\ y =H c , x = JfiJS t? <b -S o fmJK ICif 
^Z$m.?i<r>mt-?hZ> d H c/d T(4, dHc/dT = 
1 5.50e/mt)> *-0&ai4Jf £*-f4a^IS 

fEiil&frOft«#j£ d H c/d Tffil4 16-170 e/C 
T-£>4 0 feoT, 2oOfMS*£ftfc3*«tt«*:ri-* 
«*E»«flE7>tt#3iifcdHc/dTttM\ iUHxb 

[0 0 5 8] H 1 8 14, 2 O0>3M81£J1 ft 0*3 0 05*18 

&®*%i-bm%mm&\-&iii> pws oteo&atst 

«*UE»8EflEKiHt* PW 5 0tto3*?8t£*O#3Jb;R0' 
«BlW«tfftt4:Jt«L-C^-rB|-C*«o BBf, ftttl* 

pw5ot (ns) , mmmm^m^mmrfmrnw 



(nm) 4-^1"o |s]0(C.fc^-C, ♦£ni4*-<05i^-tt® 

i4, izannmzi&vtzT'-fiit. trtomm&ikm&m 

©If t LTlKfci^ IP*,, S^ffWiSUi^aft 

15 ift:#UPW5 0fE*»*i 0 Ufc/h 

[0 0 5 9] t£oT, &&I?OiiSniC#v># 
m.tffcT-f Siii'ioTt, ft AtB LIHftSEiHITt 
*.T,hl4&v> 0 dftJ4, T«oaatt»*»f»ofli**** 
20 8?»i4*^*!), *-o3ftete***i-**«E» 

«#KJt«LrafcS$ttfcatJrifeJKfl:SNRS i s o/ 

■f S«*E»j«frO«jtjSJi«:S NR S i o s/Nm 
25 14, J|L-<0a«tt»*#-rA«*e»*#fcJtttLT# 
icefcS^tiT^-So w<0 4 -9 SrlNTiCf&^M r <y(l(4, 
2 o<oa«ttJ§*n»|B| CM r * «Sr*-r*»-ft-t*a-C 

30 +<0»2«>SI«tt«<Oillf<0«I**, ±fflll<7)»3 0^a^ 
®o§|ff£$>£ »)**>6fc»t*i.ur, 1«fe3»TEUrtI±StL 
iC04?^3^iU4, *^»2SS^te-4l^ 

35 «4'Pli:«f«3»^T*i*?>T*4. 

[0 0 6 0] 0 1 9J4, ffi&ifeJSEttSNRS i s o/N 

ItlftSNRSi so/Nm^ftASiso/Nm 
(dB) , tttt(i&flB&ff?)4rftKip (nm) **-T 0 

40 [HjEit~i5v^T, ♦en, Bens!>*Aeni4, 5fc*@i 8 
<r>m^t mm* 3 mm<r>m%mm&<r>r- 9 ^^-r D 

0 1 9frb i>fc>fri, 4 -5 t-, f£</>M r iffiSr^rf* 2o 

3 fefciftBttJI *> e> 4- sa*:iaisi««:w^-g- 

!(ti:i!ffi-Miil*SNRS i s o/Nm^fl 
*^?>i4a5KlE»«ft:o»'fri 44 too, 

itscm ztizzt Amu $ titzo 

[0 0 6 1 ] *%W% h 14, at£/HiliirtOil?fc < 1 1 
50 1 o<73^figt±^* f , £</»»:»ttLr*J»)S*att»#S*L 
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l* ! 23at %£1±©C r*«i*LTC r ^S*' 
#•<. ilOilHWOC r4ti^4i>»*i:, # 

4 / Xl4, f-w±ffltcstt c,ti*a«tt«OiT*.fBL 
f^liiiJMWi: «^BT(IB-C jJ f 5ii2 S it fc. 

5 N R * es:#i- * - £ 3F°r h6 i 4 £ o 

[0062] *%m~*zmmmmft<»m3%Mm 

[0 0 6 3] oil), ^3^M0iJT-!±, ttftEMt&ft- 
14, aStE«5±*»ctt»t'biX7tT.ifcJii:, TS!sJB 

±C|fcitc>*L, 4>4 < t fc»««ffci:IRI*0>«M r , 

4 5&&tt/i ©afk-frlSW'"*"^*? t ft * <fc •? fc, iStt^ 
flta©*R«BftfciW«>«*Mr *fc-r*fc, Mr 5 
= 2 (M r , <5* i-Mr , <? ,) ii8£t4*)£ti-p 

[0 0 6 4] BZ%mmWi. R¥fT«5«A«51ftfflS: 

s <o m iz ® n h n tz ftmrnz-sm & ie *. tz m&. t l 

&0. 4- 1. 0 nm(5lf*tti«Ii LTtAv>. 
X, CO#fflttt*lli, Ru. Rh, Ir, Cu. C 

[0 0 6 5] {g^iess&tticii^T, tfjiefiStt^mart 

O^fiStSS l±, Co. Fe, Ni. CoCrTa, C 
oCrPt, CoCrPt-M*5i4:i* r *-^Hl 
WSfLfcttfl-i^ftl, M=B, Cu, Mo, Nb, T 
a, WS.O'^^ibfiO-g-^-C^or t ftv„ X, mlEi&tt 
Jf «dir*JC04>4< i 4 1 oco&J&t&Hi, JLW-SlteL 

r £ »- siatm^- s n tz mkmmytm frb%zmis.v 

[0 0 6 6] a*ffi»ttfc«»3*;jfcWU.fc*U*» M* 



<4t, 4 i)/h§i:PW5 0ft«-{#^-i:i!i { T-§4 o 

[0067] ii:, &%.?&mmfrom3MmMiz±tL 

05 14*, [slfllcoM r amzm-fh 4: *'C*.-WKttJBX«4«& 
¥f¥ 4- BSf k^ttScOtttt-B *» "a 4 * ttftEJftftft i: It-: 
/hS4dHc/dTftf|*itm4, 

[0068] x, mi %-R.xm 1 7 ■-jjri-iq&f-** 

10 14, 1 0 - 1 5 0"CO»6HUiJv»T+fl-5ft<, JL 

[0 0 6 9] **-J-JU&*E»*"*?>-*ttW* 

W*i6MS:fflv»r, ±E«*E»«tf-*>"*liffll«>v>-r*i 
15 *UitLrflMI«:«*tt--:e»+4o 

[0 0 7 0] *#W--I4, ANIttBftftKttMSflkMEtt 

* 3 nmmco 4 o ataejMt#o-&&« 

20 T*>, 4^4< tfc looa«tS«0«<t*'fi|<:«I»)*£ 

$ it Jft-e-Sit Sr ff * ** KE» Sr 1f 9 t **"C § 4 o 
[0 0 7 1] ^ft-P9lc«r«B«GIUKfl-SS^tt 

25 [0 0 7 2] ±E?8*Ea»fl-«)v»i"ix*»«)fafc«Sr« 

30 ^>o SIC Sfcatt«**jEL<»±-j-*fc*-Cli, R« 
4 -5 ci-4#H**** 0 

[0 0 7 3] -E-C-C, {SAE»«fl-0«ift-9S«>4:|tCife 
35 U «fiL<l±, M^^^'J^ifflV'i. in 

14. x*v9v>yifi* m<omi&iiLJjmt}t&-rzt. 
#« c at < r j^j - 4 a o & ft * ""T t -r h frb v h z> . 

X, aSg^/" yi"J >^Srfflv>4- t U4 
40 [0 0 7 4] 'J vy*m^tzWi%X'i>^ ^l n 

fc#«Lv». ^^#fb<Ol|!^IS*t-4 4 4:, CWii 

';>^aaE*o. 3 5 nm/s WT^is-E-r^^t^ 

45 iLv^t^MJti/i. 

[0 0 7 5] X, ? U >^B#<7)*'XE75-^i-?4 

^/N- -^ 9 ') > 7Vf<F>1f *i±1)H&-f % Z> t, ttfeZ-f? 
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li, fi5mTo r r UlS£-*-4 C t * f «F* L^Z t #51 
[0 0 7 6] III, y $"J > ^©BRoatSfflK 4 ft 

aft-r . »«7as*^-r r -a t , * 

filOO-3 0 0*CO||ffl|*JUlS3ei-*C:i:*«»S H/» 

[0 0 7 7] H 2 0 lis «&ft£SSft#Sl&2r&0$:ftjfe 

ISIlUc^-r^fBiS^SSit^gli, **n-f 
-f >7/T>U-7*4 >/g!5 0. StJaS-f-A' V^>*5 
1 RirmUkVXJ* ? 9 'J >^f--v >/<5 2-1-52- 

-t4„ ftftO^^f ? 'J >'<5 2 - nli, o- 

HiSWT-ii, K«<o«s:±, n= 9<Dt&£-£I&?i?1-*o 
[0 0 7 8] 5fer> m&Lltn-T4 V y/T yu-y* <( 

t^i o o-3 o o*c<o*«sat-flniftStL4o ->:^ > 

X/N--y * 'J >vx'5 2 - 1 - 5 2- 9 \Z£ pigiS& 

? 'J >^*qft)*L, gMR-hKliKJf *«4 0 n 
m<7)N i All, ^H7) f 2 0 nmOC rMoTJSl> fll 
HbJH . 5 nm»C o C r^H®, 8IJ?^4 nmOC o 
C r P t BSfiBtttS, mm&0. 8 nm«Ru*i8ttSS 

AHU^M nmCOC o C r P t B&fiBt&f, HIP^* 
0. 8 nm<7)R u^ffittS-^S, C o C r P t BfiBte® 

[0 0 7 9] X/<';j"J>/ftW?52-l-52- 
9 1*1 (Eli, »5mTo r r {CtS:^ „ X, * 

/S-j jr x) >^^-y w<5 2-5, 5 2-7 ££ltS*/< 
y ? 'J V^JSKli, »0. 3 5nm/sHTt,iOX 

liH2 0 9 'J >'*5 2 - 5 , 5 2 -7 

4o 

[0 0 8 0] H2 Hi, »ji:ifcfflao*»ffltt*Kff& 

bit**, ran*, «*n*ajtifeai* ( M v 

pp) , ttttttJB&BOWSMSIg (nm) iipta mm 

\zm-tr-9tt. jiEo4n< sa*ft>ia*E»«t#u 

[0 0 8 1] H2 2 11, &jgi£SNR<a&J8fl!t#l!t«:7F 



titil,, (S1114 3 , SfttliiSiliJ&S N R (dB) , i 
e> 6 *>d»4 i i ic, *«i&*j4«iffS L < (i#j 10 0 — 3 

[0 0 8 2] H2 3 (i, M3Li£.mfcSHRtA'<y 9 >J 

>^is«i:<o^^*^-riiT-*4o ram*, sittiiMjZ 

MftSNRS i s o/Nm ( d B , mm) , 

9 ') >9~mjg. (nm/s) Sr^-f 0 |slli:$tf 
10 -?li, Ru«0±TKE»tfeitfc»1£Jf atfSWBttll 
J^IE-g (r S: -T 4 3»»5i» S: BEi- * * ■ 

1MS±, ramu^i-r'-^li, CCPB5iS8tt®± 
ICKH^l. 4nm(ORul«U Rui±ICCC 

15 [0 0 8 3] I2 3t, I2«*SNRS i so/N 
mil, R u«**S«rV»Jtttffl«3*f'-»mMicO«3£ifeJi 
^SNRUW-f^iSitflTS^ixT^^o (B||2]^e, fcfc 
j5^4 i o U, R u <D*s< v 9 U > ^JS^liip-f 4U 
oftT, liMfSNRS i s o/Nmsft'ftT-f «o 

20 £*ui, *#K*v>Ru«j» f , ^ yrmm 

•?&]E-%lz&iS,2ti%\,^£i7p1r<, i§]2 3-e(i, #U 
R uWA*-y ^ij >riSJ8/4*0. 35nm/sJ:»)ilf< 
44i, Ii«#SNRS i s o/Nm* 1 , Ruli 

25 tL(" i *) , ±|fi«0iP < &v»1«£<0««fBjattEfrt«ift+ 
4tCJi, R uCOX/N- y i"; >^HJKli. 0. 3 5 n m/ 

[0 0 8 4] w±, ^mtmmmizz n»wLfc<«, 

li±f£HSS^J tcffije £ *t 4 o -C- li 4- < , m+ <n 
30 m}RV&L&.rf*li&-c-abZ>z\ t li, fiit4iv> 0 

[0 0 8 5] filTU«-Ei-4«W«r4a^-r 
4 k<0-C&£o 

[0 0 8 6] (#Se 1 ) ^4<H1 oco£&JHS:iI 

35 fcusitii, &mi±mt. m^m^m±-c, to, mm. 

WBTlzlStifhtit: immti&m t <b t£ Z , fiS^IEf* 

[0 0 8 7] (ft IS 2 ) (tiff S&ifittJI » OlteSttl 
liSv>i;ffi{kS^]#S¥ff-C*5, (ftEl) 5Emo«8 

40 ^isia^^o • • 

[0 0 8 8] (ttffi3) BtffSM^Ii, Co, N 
i , F e , N i S-g-^, F e R.VC o C r T 

a, CoCrPt, CoCrPt - MS-^tfC o^-g-^ 

45 B, Mo, Nb, Ta, W, C u JLitZ tlh<n£&X~i> 
4, (ftSl) Xli (#122) eftOtt*tK»&tt. 
[0 0 8 9] ) irfE!*«attS«l, 2 - 1 0 n 

mO«IrtTJKJ*lfcWt*t4, (#tei) - 

50 [0 0 9 0] (#f£ 5 ) mrfS^fi8t4^^li, R u , 
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Rh, I r , RulM, Rhl^, I r 

ri» <b 4.- .& - 7"^ f> aft $ *t ?t*tsf4 h , (ftE 

1) - (ftE4) (Oi/»r*L^l«gE«<0««Ea«fr. 

[0091] (ftE 6) mmim&zti&mii. o. 4 

-1. 0 nmOttHl*J-C»£3ft.fcBtiP**-i-*, (ft 
tei) - (ftE5) m*rft*l*EfM>«SUB»«t 

[0 0 9 2] (ftE7) W£i8ttlli> Co, SVC 
o C r T a . CoCrPt, CoCrPt - M£^trC 

M = B , Mo. Nb, Ta, W, C u Xli - ft. <b GO 

«<oa^Efl$E#o 
[0 0 9 3] (ftE8) *«t, »**©±#CH:»t 

m<D±Jjl,ztSHfhtiX^Z>, (ftEl) - (ftE 7) O 
^■rtifr 1 *E«<Z>aStE»«#o 

[0094] (#e 9 ) mv&T&m t Ksfsmmmmm. 

^W®(±, C o C r- MfrhtcZ>7)\'--ffrhmM2n 
tz h c pmi&<r)&±frbtf: *) , 1 - 5 nmCDSeffl-C-jiiS 
;?ft.£JJgI¥£WU M=B, Mo, Nb. Ta, WX»i 
d 4, (ftE 8) E«oa*Ei*SEffco 

[0 0 9 5] (ftE 1 0 ) HtfE««t*fETifef t 
MUlHt^tifcN i PJBtMUfll*.* HtFEN i PB«±-r 

^xf--v*taxiiaftftta*ifi»*i.Tv»«, (#es) 

JOt (ftE 9) EttOfSftEiMK*. 

[0 0 9 6] (ftE 1 1 ) IrETSfeSli, NiAlS 
VF e A 1 ;4><b£4^-7^£>iil*R£ft.7tB 2f»it£ 
4"£-£^<b&4, (#E8) ~ (ftElO) ©v»r 

*l*> i AGttoamemKfic. 

[0 0 9 7] (ftEl 2) ^<itSl^i« 

sit, Misio^ms«^tfrEiai±®i<oHu®»tc, 

tut* 2 »*2W^»^ffiit<7) 

5ft«tt»«>B**:&teH:R* i <a£j&ii#&<o5iatte 
wi^SMJ: •) »< , tt» i s.^* 2 <r>immmm.<7> 

»«lMHilH'»t=«<t*l6l*«RWC**, (#121) 

- (ftEl 1) <0v>rfttfM *fc*0«$KEfflU*flCo 
[0 0 9 8] (#1213) n<tt*lWX»iI 

a*attB*>JSSafki:lgSJPfc<o«iiI£* l 

We**, (ftEl) - (ftEl 2) wv^rftri»l« 
ESc?>aStEi»&f*o 

(ftE 1 4 ) fi&ttS t , * l , S* l 

<n -$$m «ii t KiSttS i <0 M K K •* <b *t * 2 S> 



•) 31 < . K* 1 RUm 2 fl?X»*«aw»S6-tt/BiiSv» 

[0 0 9 9] (#E 1 5 ) (ftE 1 ) - (ftE 1 4 ) 

05 xfc«*E«S6ito 

[0 10 0] (#£16) R*«0±*»cR 
(t h tifzTi&m t . ttT»*±UI2«t e> ft?SSafk t R 

tt«<o±*uK*tc»*i.a9afi:tiiiinp[<ofltM r^j* 

fix, aSiett®»jirtWSI«-t--5?*SS14S<Dfi8fk*[6j5jf 

)¥<75«£M rd^ttit, M r <J == 2 (Mr , tf ( -M 
r j S j) £«J£-T4, fiS^ESIiiUfco 
15 [0101] (#E 1 7 ) STff ««*«2ftffl *» 

<n®\ztsirt htLtz$m&%i&mijiizmz.tz. mui 

6) £«OJ8*ltH50g#. 

[0102] (WE 1 8 ) i|g»liS^Slt *K 
20 MURu^tit^fiO^-l.Onm^lilSrWtl,, 
(ftEl 7) Cttaj8*(E»ME#. 

[0103] (ftEi 9) $imm&&&mu. r 

u, Rh, I r, Cu, CrS^tHbiO^Srttrr 
;p - 7**> c, a^ s <b «r * , (#E 17) Ett 

25 «««E««E*o 

[0104] (#e 2 o ) mmmm®m&pw&mi& 

14SI±, Co, Fe, Ni, CoCrTa, CoCrP 
t, C o C r P t -MfrbZZ>rn'--rfrbmtR2tltz 
mftfrbtt*). M=B. Cu, Mo, Nb, Ta, WS 
30 triite>0-fr*-C**, (ftEl 6) - (ftEl 9) <D 
v-rtifr l JgEttattAEfttttt. 
[0105] (ftE 2 1 ) iKrEJBrttWfllitrtO^* < 

«#fCv»«*»05iatt»^c>4*. (ftEl 6) - 
35 (ftE 2 0 ) O^fft* 1 SE«OfiS5tE^i«f*o 

[0106] (#e 2 2 ) itei8&«tit£i*3«>i!ire± 

«tt««0»«afki:iH¥O»J:«)**v^ (ftEl 6) 
- (ftE 2 1) Ov»r*L*»i«E«<»5«*E»«M*o 
40 [0 10 7] (ftE2 3) SJEat£1«itrt«iO^«tt 
Slv^UWftiifi**:*-*-*, (ftEl 6) - (ft 
E 2 2 ) ©v»r*i* 1 «E«wa«Eit^o 
[0 108] (ftE24) (ftEl 6) - (ftE 2 
3 ) 1 SE«<oa5CE««£f*S:^^ < <t <> 1 

45 fltftEtttttt. 

[0109] (ftE 2 5 ) Wff €-fiSAMU)8jKE»ff 

<7)5iatt®<^ ? *>v ^<hi o«D5*att«oa-fk* 

50 yyt^tr, E^^?±o 
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[0110] (ftK2 6) &tet. Tttie tsetse fit 

«a«ffct«UO«SrMr * M r * = 2 (M 

[0 111] (#122 7) 9 >) > 7<r)Mizmm 

fSS*^ 1 0 0 -3 0 01Ci:IMtliS3Wf yy 
*MK*tr, (f*IE 2 6 ) E4KO&*CESk&titt>«&£' 

So 

(ftie 2 8 ) MESS 2 co* t- » yii, mrEi&ti/f *i§ 

<0#as{B1$Ji * 0 . 3 5 nm/s JilT<7)X/N-> >^ 

aae-c^jsi-*, (#E2 6) xi* (ftE2 7) e*o 

[0 1 12] 

sr a (?-r c t * < mmmn ss v *e 
[laswffim^^] 

[nil *&m\z%zm%&m.m&<omi%im<r>m% 

[11 2] *&9JK:&£&AE&tt#Oft2£ffift<?>£fl: 

[13] Si mBLtlzJ&iSLZtlKLWkW 1 0 n m<Diii.-0 
C o P t«OiBrtB»!fiFtt«:*-rHT*-5o 

[H4] mW-tfO. 8 nmOR u 8 2 o<7> 

C o P t«Wffirt««!t¥tt«rS5-f Hr*4„ 

[15] tfl . 4 nm<0RufT*»St?n^:2o(0 

c o p tm <DWft&%.¥fii£ 7F-tm-e$>z>o 

[126] mff-tfO. 8nmORuifM?W:2o« 

c o c r p t»<offirt«»m4*5r*-BiTa.&o 

[i9] **7^.i:<7)N i A I Jf <7>±KC oCrPtBiS' 

e> « -a® t5* i m&& $ titzmsMzmmHwmmitM 

[HI 0] N i P^^^ix^A I -MgiSii:, Jg 
Ip7) f 0. 8 nmJ)R u H T-#8t ? C oCrPtBi> 



[111] Ni P^MfKtAlIto, Ruff 
fr&ZtltcC o C r P t B^f>4'-5 2 o<o?£fgttJf jjffj 
tt £> ft fc ffiftE»£tt |*I m ttfBlfc * X'*> z> „ 

[HI 2] N i P7>«£*i$ft£A I *«±K. ffii^^C 
05 oCrP tBl^Rult^iJiifcSo^CoCrP 

£tf-4-ii-c-$>& 0 

[1113] NiAl^?fL^:?y5^iS±i;, Ru 
IS -C5}-»t$ ft*: C o C r P t B*»*b4:-5 2 ooftfe#S 

io tLtz&m&m * { is:it p> ft/-5S5tE»«E*wffii*nsftffiia 

[114] N i A 1 1fi&MZtitzif?AWBL±.\z* _LE 
tra^«7)*i£T*C oCrPt B^«b££*-?>5$E8t£Jf 

vrnfimttam t it®, l T/ftat?* -a . 

[1115] 2o<73?i?H4^S.a f 3O(0?i5S'i4)l«r^-5 

-r « ss ae&jk* k £ tt * m^mt ttmixK-trnx 

20 

[1116] 2o©fte#Sfitaittit*t4B«|i5 

So 

[117] H 1 6 K^4*tt**+*««E««M*0>« 
[HI 8] 2o©a«tM£ir3o©a«tt»fc*f-*-a 

««Esy«ffu^»t* pws offl»a«tt»«>*«iaa' 

30 tit^cLT^-tUT^So 

IB 1 9 ] .atSt*«t#S N RWtf»KWflt#tt*5rrB 

[12 0] fi8^E»^»it^{iO«EB&«lS«:^i-|a-C 

35 [121] ato*ffi*«#»«1MlWtt#tt**i-BI 

[H2 2] «jaifcSNR©fiJK&#tt£;jH-H 
[123] attftfltftSNRt^y^UV/MkO 

40 m^nmw 
1 

2 m i <o -> - b r m 

3 NiPi 

4 ?g 2 <7) -> - K/S 
45 5 Ti&m 

6 MItfMI 

7, 7- 1 ftttttH 

8. 8- 1. 

9 fiSted 

so i o mm 
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1 1 mmm i 6 m%n»m# 

13 ^t?v>7 17 mm ±^ ? k 

[Ull] [B2] 




[HI 3 ] [HI4] 
s»*«j:ic»ja*H^ai»ionm<om--«)coR*<7>a5rt««»tt**-ria r« &o.anm<r> ru» r 2 n <racoPt« <w»^am»t* £ ^ y ta 



+4.53E-04 



EMU 



-4.53E-04|__Z^ 
-1.20E«04 
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ims] 

Elffiif1.4nm<OHu»r»«ISn>b2oa)CoR»«®rt«m»tte^rH 
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[Eg] 1 0] 



[Ull] 



M I P6<**T£*X/t A I -Ma»«±l:. IB^O. 8 n rr»<OR u ■ T? 



C o C r P t B**tf* 2O0!)9tB13n^Rlt%H^ 





[Ell 2] 



[HI 3] 



N i P ftt&ff&n/t A I *«_hl=. IBm* CoCrPt B»*< 



CoC r P t B*^fc*2 0<D«ed2nfcMrttMA<ltft 





1 6] 



[114] 



CoCr P t B****J*-(0»Mffl#Mr+*nfc«*K« 
tttt<Dffi*«<ttt«£, IB 1 3l=n**-2oa>*Ma*3*fe 
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[132 0] [0 2 1 ] 



52-9 60 51 52-1 52-2 

> > > > . 2- 




[122] 



[123] 





at a2 a.3 0.4 



(72)%^^ t£T 

wm\m\\mi$*%M±-'hm* 4 t§ 1 # 

(72)^# ^B3 

»^JII^iH^rtT4 1 ®E±/hBB^ 4 T§ 1 # 
1^ S±3#^£ttl*] 



F*-A(##) 5D006 BB01 BB07 BB08 CA01 CA05 
FAOO 

5D112 AA05 AA06 AA11 BB01 BD01 

BD03 FA04 
5E049 AA01 AA04 AA07 AA09 AC05 

BA06 
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